Abstract: This randomized, double-blind, double-dummy, multicenter trial compared efficacy and safety of tramadol HCL 37.5 mg/paracetamol 325 mg combination tablet with tramadol HCL 50 mg capsule in the treatment of postoperative pain following ambulatory hand surgery with iv regional anesthesia. Patients received trial medication at admission, immediately after surgery, and every 6 hours after discharge until midnight of the first postoperative day. Analgesic efficacy was assessed by patients (n = 128 in each group, full analysis set) and recorded in a diary on the evening of surgery day and of the first postoperative day. They also documented the occurrence of adverse events. By the end of the first postoperative day, the proportion of treatment responders based on treatment satisfaction (primary efficacy variable) was comparable between the groups (78.1% combination, 71.9% tramadol; P = 0.24) and mean pain intensity (rated on a numerical scale from 0 = no pain to 10 = worst imaginable pain) had been reduced to 1.7 ± 2.0 for both groups. Under both treatments, twice as many patients experienced no pain (score = 0) on the first postoperative day compared to the day of surgery (35.9% vs 16.4% for tramadol/paracetamol and 36.7% vs 18% for tramadol treatment). Rescue medication leading to withdrawal (diclofenac 50 mg) was required by 17.2% patients with tramadol/paracetamol and 13.3% with tramadol. Adverse events (mainly nausea, dizziness, somnolence, vomiting, and increased sweating) occurred less frequently in patients under combination treatment (P = 0.004). Tramadol/paracetamol combination tablets provided comparable analgesic efficacy with a better safety profile to tramadol capsules in patients experiencing postoperative pain following ambulatory hand surgery.
Introduction
The development of minimally invasive surgical procedures and an improvement in anesthetic techniques have resulted in a continuous world-wide increase in ambulatory (outpatient) surgery. 1, 2 Although most ambulatory procedures are associated with relatively minor surgical trauma, severe postoperative pain can occur causing extreme discomfort, sleep deprivation and suffering 3 which might delay discharge or cause unanticipated hospital admission, thereby increasing the burden for the patients as well as healthcare costs. 4, 5 The proportion of patients experiencing moderate to severe pain in the first 24 to 48 postoperative hours can reach 40%. 6, 7 Appropriate postoperative pain management is therefore indicated.
In recent years, pain management has focused on the therapeutic potential of combining analgesic medications with complementary pharmacokinetic and pharmacodynamic profiles to achieve greater efficacy and a better safety profile than the individual agents. 8, 9 In the fixed-combination tablet tramadol HCL 37.5 mg/paracetamol 325 mg (Grünenthal GmbH, Aachen, Germany), the two individual components have different mechanisms of action. Tramadol HCL (Grünenthal GmbH), a centrally acting weak opioid agonist (with selectivity for the µ-receptor) and monoamine neurotransmitter reuptake inhibitor, has been proven to provide sustained relief for moderate to severe postoperative pain for several types of surgery 10 whereas paracetamol, a rapid-onset, nonopioid analgesic and antipyretic, 11 is used for the management of mild to moderate pain. The combination tablet was proven efficacious in acute postoperative dental pain, 12 postoperative pain following orthopedic and abdominal surgery, 13 fibromyalgia pain, 14 low back pain, [15] [16] [17] migraine pain, 18 and as add-on therapy for osteoarthritis flare 19 and rheumatoid arthritis pain. 20 A detailed review of the use of fixed-dose tramadol/paracetamol in the management of moderate to severe pain has been published. 21 In addition, it was suggested in a recent study that the combination tablet might be as effective as gabapentin in the treatment of painful diabetic neuropathy in patients with type 2 diabetes. 22 Hand surgery is frequently performed on an outpatient basis. In many cases, regional anesthetic techniques including brachial plexus or major nerve blocks with intravenous anesthesia are used, 23, 24 thereby avoiding complications observed with general anesthesia. However, postoperative pain management at home using either tramadol, metamizol, or paracetamol as single substances after ambulatory hand surgery has been shown to be inadequate for up to 40% of all patients in a controlled trial. 25 The objective of the present trial was to compare efficacy and tolerability between the combination analgesic tramadol HCl 37.5 mg/paracetamol 325 mg (tramadol/paracetamol) and tramadol HCL 50 mg (tramadol) monotherapy in the management of postoperative pain following ambulatory hand surgery.
Methods Patients
Patients between 18 and 75 years of age in good physical health according to the American Society of Anesthesiologists scale (ASA stage I or II) 26 were included if they presented with a pathological condition involving bony or ligamentous structures of the hand requiring surgical intervention. Main exclusion criteria were intake of short-acting analgesics within 12 hours prior to surgery until the final visit (second postoperative day) except for oral diclofenac 50 mg for rescue and after 24:00 h of the second calendar day; intake of long-acting analgesics within 72 hours prior to surgery until the final visit; intake of monoamine oxidase inhibitors within 30 days prior to surgery until 72 hours after the final visit; serious psychiatric or neurologic disorders, in particular epilepsy; known hypersensitivity to tramadol, paracetamol, or nonsteroidal anti-inflammatory medication; and a risk in terms of precautions, warnings, and contraindications in the product monograph for tramadol, tramadol/paracetamol, or diclofenac. Pregnant or lactating females were not allowed to participate.
Medication for concomitant diseases could be taken provided the patient had been on a stable dose for 30 days prior to surgery. For the symptomatic treatment of nausea and vomiting metoclopramide 10 mg up to a maximum daily dose of 30 mg was recommended.
Trial design
This double-blind, double-dummy, randomized, parallelgroup trial was conducted from April to October 2003 according to the Declaration of Helsinki and Good Clinical Practice at 24 trial centers in 9 European countries (Belgium, France, Germany, Italy, Portugal, Spain, Sweden, Switzerland, and the Netherlands). Trial protocol and amendments were approved by the corresponding independent Ethics Committees of each participating country; patients' written informed consent was obtained at enrolment.
Prior to hand surgery, patients were randomly assigned in a 1:1 ratio to receive either tramadol/paracetamol tablets plus placebo capsules or tramadol capsules plus placebo tablets (double-dummy design). Placebo capsules and tablets were identical in size and appearance to the active medication. Computer-generated lists for blockwise randomization following the treatment allocation ratio of 1:1 were prepared by an independent clinical research organization (M.A.R.C.O., Düsseldorf, Germany) and block size was given in the randomization list but not to the investigators; investigators and patients were blinded to the treatment.
Surgical procedures were carried out as ambulatory surgery. Patients received 1 to 3 mg midazolam intravenously as premedication. Intravenous regional anesthesia was performed as follows: a canula was inserted in the dorsum of the hand on the side to be operated on. An inflatable doublecuff tourniquet with padding was applied to the upper arm. A tight elastic bandage was wrapped from distal to proximal while the arm was elevated. Alternatively, if the bandaging was too painful for the subject to tolerate, the arm could be elevated for 3 minutes. The distal cuff was first inflated followed by the proximal cuff. The distal cuff was then deflated. The cuffs were inflated to 100 mmHg above the subject's systolic pressure (pulse occlusion could be determined by oximeter). Next, the bandage was removed and the absence of a pulse was confirmed. A local anesthetic (lidocaine 3 mg/ kg or prilocaine 3 mg/kg) was injected using the dorsal hand canula. The injection was performed slowly at a rate of approximately 0.5 mL/sec. If the compression by the proximal cuff caused pain during surgery, the distal cuff was inflated followed by deflation of the proximal cuff.
Independently of the duration of surgery, the double-cuff tourniquet was to remain inflated for at least 20 minutes after the injection. The maximum time of inflation should not exceed 90 minutes. The subject was observed and vital signs were recorded immediately before and for 10 minutes after deflation of the tourniquet. Sedation was assessed before the second measurement of the vital signs. Intraoperative sedation with midazolam was allowed but the total dose, including pre-medication, should not exceed 7.5 mg.
The trial included a surgery day and a postoperative day. Upon discharge on surgery day, patients were given a diary to document their efficacy and safety evaluations at home. On the second postoperative day, patients visited the center for final assessments and returned the diary. Trial medication (1 active unit plus 1 placebo unit) was first administered at admission; a second dose was given in the recovery room after assessment of vital signs and sedation 10 minutes after deflation of the tourniquet. At home, patients took 1 unit of active plus 1 unit of placebo trial medication every 6 hours (except at nighttime if not required); an additional unit could be taken in case of insufficient analgesia (earliest 30 minutes after the regular dose). The maximum permitted daily dose was 8 tablets/capsules of active medication. Patients were instructed not to take any trial medication after midnight of the first postoperative day. No other analgesic medication was permitted. If the patient wished to discontinue the trial medication owing to an adverse event or lack of efficacy, diclofenac 50 mg (not exceeding 150 mg daily) could be used as rescue medication.
Outcome variables
Pain intensity was assessed by the patient after surgery (10 minutes after deflation of the tourniquet). Further efficacy assessments were performed by the patient at home and recorded in a diary on the evenings of the surgery and the first postoperative day. All entries were to be completed before midnight of the first postoperative day; information on treatment response and pain intensity was to be recorded immediately before bedtime.
The primary efficacy variable was the rate of patients responding to treatment based on treatment satisfaction as recorded on the evening of the first postoperative day using a 4-point verbal rating scale (0 = poor, 1 = fair, 2 = good, 3 = excellent). A patient was defined as a responder with a rating of 2 or 3 and no intake of rescue medication or other concomitant analgesia before midnight of the first postoperative day.
Secondary efficacy variables included the assessment of the patient's average pain intensity over the last 24 hours for surgery and first postoperative day on an 11-point numerical rating scale (from 0 = no pain to 10 = worst imaginable pain), time to first intake and total intake of trial medication at home, time to discontinuation and premature discontinuation rate owing to lack of efficacy, time to first intake and total intake of rescue medication, and total intake of antiemetic medication. For premature discontinuation due to lack of efficacy, intake of rescue medication or any other analgesic medication was taken as time point of termination.
Safety evaluations by the investigator included adverse events (AEs) documentation and sedation assessment after surgery (10 minutes after deflation of the tourniquet) and before discharge, and vital signs (pulse and respiratory rate, and systolic and diastolic blood pressure) at admission, immediately before and 10 minutes after tourniquet deflation, and before discharge. AEs were also recorded by the patients. Additionally, premature discontinuation owing to AEs and the time to this event were documented.
statistical analysis
In order to detect a difference in response rates (based on the patients' treatment satisfaction) of at least 20% between the two treatment groups and assuming a 50% response rate for tramadol, it was determined that a sample size of 116 patients per group was required to achieve an appropriate statistical power of 85%. Taking a 10% drop-out rate into account, a total of 258 patients was required in order to obtain 232 patients completing the trial.
Efficacy was analyzed using the full analysis set (FAS) which included all randomized patients who received at least 1 dose of trial medication and provided information with respect to the primary efficacy variable. A per-protocol (PP) analysis including all FAS patients without major protocol violations was used for sensitivity analysis.
All statistical tests were performed as 2-sided tests with a significance level of 5 unless otherwise specified. All statistical analysis was done with pooled centers, the exception being the primary variable which was also evaluated per center. Response rates were analyzed using a Cochran-Mantel-Haenszel (CMH) test adjusting for center; the interaction of treatment and center was checked by a Breslow-Day test for homogeneity. The difference between treatment groups was calculated using the associated 2-sided 95% confidence interval (CI). Treatment differences were considered significant at P , 0.05. The primary analysis was the only confirmatory analysis; all secondary analyses were exploratory. Treatment differences for the parameter pain intensity as assessed after surgery were analyzed by means of an analysis of variance including effects for treatment, center, and treatment and center interaction. A separate analysis of variance was carried out for the assessment by the patients at home. A stratified Cox proportional hazards model using treatment as factor and center as stratum was applied for the analyses of time to premature trial discontinuation due to AEs and due to lack of efficacy. The last observation carried forward approach was used only for the assessment of the primary variable, the secondary efficacy variable pain intensity, and the safety variable sedation. If the patient's assessment of the primary variable for the first postoperative day was missing, the assessment on the evening of surgery day was used. If the assessment from the operative day was also missing, this value was replaced by 'poor'.
All patients receiving at least 1 dose of trial medication were included in the descriptive safety analysis. Adverse events were encoded using the Medical Dictionary for Regulatory Activities (MedDRA) version 6.0.
All statistical analyses were performed with SAS version 8.2 (SAS Institute, Cary, NC, USA).
Results
A total of 132 patients received tramadol/paracetamol combination treatment, and 129 patients took tramadol. The majority completed the trial (83.5%); reasons for premature withdrawal were lack of efficacy, AEs, or protocol violations (Figure 1 ).
Most patients (98%) were included in the primary FAS analysis; 39 of those (21 in the tramadol, 18 in the tramadol/ paracetamol group) were excluded from the PP analysis (n = 217) due to violations of the study protocol. Baseline characteristics and surgery details were comparable between both groups (FAS population; Table 1 ). More females than males participated; except for 4 tramadol-treated patients, the trial population was of Caucasian origin.
Efficacy outcomes

Treatment satisfaction
A larger proportion of FAS patients in the tramadol/ paracetamol group (78.1% vs 71.9% in the tramadol group) were considered treatment responders at the end of the first postoperative day (primary efficacy variable). The estimated difference in response rate of 6 Treatment satisfaction was also recorded as at least good in more patients on combination therapy (77.3% vs 71.9% on tramadol treatment) for the day of surgery (Figure 2) ; again differences were not significant.
Pain intensity
Pain intensity was comparable for both treatments. Ten minutes after deflation of the tourniquet, mean pain 
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Tramadol/paracetamol combination tablet for postoperative pain intensity was 2.7 ± 2.2 for patients on tramadol/paracetamol and 2.9 ± 2.6 for patients treated with tramadol, and remained on a similar mean score on the evening of surgery day (2.6 ± 2.2 vs 2.8 ± 2.2; ANOVA P = 0.47). A total of 71.9% of tramadol/paracetamol and 64.1% of tramadol patients rated pain intensity with a score of #3 on the 11-point NRS on the evening of surgery day. The proportion of patients with this score increased to 83.6% of tramadol/paracetamol and 81.3% of tramadol patients in the evening of the first postoperative day which corresponded to mean scores of 1.7 ± 2.0 for both groups (ANOVA P = 0.61). The proportion of patients experiencing no pain (score = 0) on the evening of the first postoperative day had markedly increased from surgery day: 16.4% to 35.9% for tramadol/paracetamol, 18% to 36.7% for tramadol treatment. Table 2 lists further assessment outcomes. The intake of trial medication was comparable for the treatment groups; 80.5% in the tramadol/paracetamol and 82% in the tramadol group reported a total intake of 4 to 8 tablets or capsules. In total, the group on combination treatment received 29.55 g of tramadol, whereas the group on tramadol monotherapy received 38.8 g. This amounts to a reduction in tramadol intake of 23.8% using combination treatment. Time to first intake of trial medication was also comparable between the treatment groups. Note: Data are mean ± sD or number of patients (%). 
Further assessments
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More patients on combination therapy (17.2% vs 13.3% for monotherapy) used rescue medication; the difference was, however, not significant. There were also no significant differences between treatments for any of the other secondary efficacy variables.
safety outcomes
The incidence of treatment-emergent AEs differed significantly between the groups: 54 (40.9%) patients on tramadol/ paracetamol reported 130 AEs whereas 74 (57.4%) tramadol patients experienced 193 AEs (explorative P = 0.0041; difference: −16.5% [95% CI: −28.4, −4.5]). Most AEs were mild to moderate in intensity. Fourteen and 17 AEs of severe intensity were observed in patients receiving combination therapy and patients on tramadol, respectively, mostly nausea, vomiting and dizziness. Table 3 lists all AEs with a frequency of at least 5% in either group.
Nausea was the most common event in both groups (25.8% for tramadol/paracetamol vs 36.4% for tramadol) followed by dizziness (15.9% vs 18.6%) and somnolence (9.1% vs 14%). Overall, incidences were lower in the tramadol/paracetamol group for gastrointestinal disorders (28.8% vs 44.2% for tramadol) and nervous system disorders (21.2% vs 32.6%). For combination treatment, 110 (84.6%) of the AEs were considered at least possibly related to the trial medication; the corresponding numbers for tramadol monotherapy were 170 (88.1%).
One 19-year-old female receiving tramadol/ paracetamol experienced 2 serious AEs of severe intensity (nausea and hypotension) 3.5 hours after intake of trial medication leading to hospitalization for 1 night. Both events resolved within the next day. The patient continued taking the trial medication.
Six (4.5%) patients receiving tramadol/paracetamol and 8 (6.2%) patients on tramadol prematurely withdrew owing to AEs; the most common reasons were gastrointestinal complaints. Time to premature discontinuation due to AEs was calculated for the FAS population and similar for both treatments: 12.1 ± 9.5 hours for tramadol/paracetamol and 11.5 ± 9.5 hours for tramadol (Table 3) .
There were no differences between treatments regarding vital signs and sedation assessment. Ten minutes after deflation of the tourniquet, the majority of patients in both groups were awake and spontaneous communication was possible (93.8% for tramadol/paracetamol, 91.4% for tramadol; FAS).
Discussion
This randomized, double-blind, multicenter trial demonstrated that postoperative pain following ambulatory hand surgery was effectively managed in the majority of patients by tramadol 37.5 mg/paracetamol 325 mg combination treatment with no statistically significant differences in efficacy to tramadol 50 mg monotherapy but with fewer AEs.
Intake of tramadol/paracetamol combination tablets before and immediately after surgery and every 6 hours thereafter markedly reduced pain intensity from surgery day by the end of the first postoperative day. A pain intensity score #3 (on a numerical rating scale up to 10 for 'worst imaginable pain') was reported by 84% of these patients and the number of patients experiencing no pain (score = 0) more than doubled from 16% on the day of surgery to 36% on the first postoperative day. Accordingly, treatment satisfaction was high; 78% were considered treatment responders based on their satisfaction with the medication. Good efficacy was also confirmed by the low proportion of patients resorting to rescue medication and the low premature withdrawal rate owing to a lack of efficacy.
Most of the published literature on efficacy of the combination tablet in the management of postoperative pain report the outcome of single-dose treatment for moderate to severe dental pain. 12, [27] [28] [29] In a meta-analysis of 5 randomized, doubleblind, placebo-controlled trials the number-needed-to-treat (NNT) to achieve at least 50% pain relief over 6 hours was 2.6 for tramadol 75 mg/paracetamol 650 mg, which was superior to an NNT of 9.9 for tramadol 75 mg, and 3.6 for paracetamol 650 mg. 12 Relative benefits of the three single-dose analgesic treatments were similar when pooled 
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Tramadol/paracetamol combination tablet for postoperative pain data from gynecological and orthopedic procedures were analyzed. 12 Efficacy of multiple tramadol 37.5 mg/ paracetamol 325 mg doses proved superior to placebo following abdominal or orthopedic inpatient surgery and pain relief was similar to the combination of codeine 60 mg/paracetamol 600 mg during the immediate postoperative period. 13 In the present trial, analgesic efficacy of the two treatments was comparable but multiple-dose tramadol/ paracetamol treatment showed a better safety profile than tramadol monotherapy. This is in line with a short-term (10 days) treatment trial in patients with subacute low back pain which reported significantly fewer AEs under combination therapy. 17 In the present trial, the overall incidence of AEs was markedly lower in the combination group with significantly fewer patients reporting AEs. The majority of AEs in both groups were side-effects usually associated with tramadol such as nausea, dizziness, somnolence, vomiting, and increased sweating. 10 Gastrointestinal and nervous system disorders were reported with a 15.4% and 11.4% lower frequency, respectively, for tramadol/paracetamol treatment.
The difference in tolerability might thus be attributed to the reduced intake of tramadol in the combination group which was 23.8% less than in patients receiving tramadol monotherapy. Tramadol-sparing did not lower the analgesic efficacy of the combination tablet, probably owing to the individual compounds acting additively. 8, 9 In summary, tramadol/paracetamol combination tablets provided comparable analgesic efficacy to tramadol capsules, with fewer AEs, in patients experiencing postoperative pain following ambulatory hand surgery.
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